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Abstract: The aim of this study was to investigate the effects of different types of sand-fixing vegetation restoration
on soil physico-chemical properties, soil enzyme activities, and herbaceous plant diversity. The control was bare
mobile sand dunes (CK) and the four types of sand-fixing vegetation were Psammochloa villosa (SB) , Caragana
korshinskii (N) , Corethrodendron scoparium (H) , and a mixture of C. korshinskii and C. scoparium (NH). The
results show that: 1) Compared with mobile sand dunes, the shrub sand-fixing modes (N, H, NH) increased the
contents of soil organic carbon (SOC), total nitrogen (TN), and available phosphorus (AP). The treatments were
ranked, from highest AP content in soil to lowest, as follows: N>H>SB>NH>CK, with the AP content in C.
korshinskii (N) plots (8.73 mg-kg ') being 45. 5% higher than that in CK. The five treatments were ranked, from
highest TN content in soil to lowest, as follows: H>N>NH>SB>CK, with the TN content in C. scoparium
(H) plots (0. 20 g-kg™") being 263% higher than that in CK. Meanwhile, the highest values of SOC content (1. 51
g+kg 1) and carbon-to-nitrogen ratio (C/N, 25.13) were in the mixed (NH) plots, and were 55.5% and 42.8%
higher than their corresponding values in CK. 2) The highest activities of soil B-glucosidase and alkaline phosphatase
were in the C. korshinskii (N) plots, and they were significantly higher (by 73.7% and 1315. 1%, respectively)
than their corresponding values in CK. The treatments were ranked, from highest activity of B -1, 4-N-
acetylglucosaminidase in soil to lowest, as follows: SB>NH>CK>H>N, with the highest activity in the P.
villosa (SB) plots. The soil B -glucosidase activity was significantly correlated with pH, TN, and nitrogen-to-
phosphorus ratio (N/P), while B-1, 4-N-acetylglucosaminidase activity was significantly positively correlated with
soil pH. 3) The Pielou evenness index of vegetation was significantly lower in the P. villosa (SB) plots than in the
shrub sand-fixing plots. The Simpson’s dominance index and Pielou evenness index of vegetation were significantly
negatively correlated with soil B-1, 4-N-acetylglucosaminidase activity. Moreover, this enzyme (R?=0.66, P=
0.003) and the carbon-to-phosphorus ratio (R*=0.41, P=0. 01) were identified as key factors affecting herbaceous
plant diversity. In summary, different types of sand-fixing vegetation affected the diversity of herbaceous plants by
regulating the carbon-to-phosphorus ratio and -1, 4-N-acetylglucosaminidase activity in soil. Among the different
vegetation modes, the mixed mode and C. korshinskii played important roles in maintaining the carbon-nitrogen
balance and improving the content of available phosphorus, respectively. The findings of this study provide a scientific
basis for optimizing sand-fixing vegetation and for promoting the sustainability of desertification control projects.
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Table 1 Basic characteristics of the different sand-fixing plots in the study area

T b 28 7 Hi T -4 e % ¥ Density
Sample plot type Establishment method Average height (cm) (plant/clump-m )
b HEP. villosa FEJ K VD 4 W % A T % Ff Straw checkerboard sand- 45.76 13~30
fixing +artificial seeding in rainy season
AL C. korshinskii K VD 4 W4 A T 4% Ff Straw checkerboard sand- 163. 43 0.05~0.13
fixing + artificial seeding in rainy season
MEE5E C. scoparium B3 A% 8 U0+ T 2 A LA Straw checkerboard sand- 154.74 0.12~0.21
fixing + artificial seeding in rainy season
7 4 NG L X A - 5 5y A 81 + R 22 A\ 4% F Straw checkerboard sand- 152.87 0.07~0.17

C. korshinskii X C. scoparium fixing+artificial seeding in rainy season
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Fig. 1 Change of soil physico-chemical properties under different sand-fixing modes
ARING T8 R 22 5 8.3 (P<<0.05) Different lowercase letters indicate significant differences at the 0.05 level. CK: i 3175 #1 Mobile sand dune; SB
YD P. villosa; N: 37 288 X8 L C. korshinskii; H: 41 K% - 58 C. scoparium; NH : 37 5585 %8 JL X 41 A% 2 48 1R 3¢ Mixed plantation of C. korshinskii X C.

scoparium. T [A] The same below.
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Fig.2 Changes of soil enzyme activities under different sand-fixing modes
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Table 2 Species composition, species diversity characteristics and aboveground biomass of herbaceous plants under different

sand-fixing patterns

Iji H Ttem SB N H NH F

o %5 VK3 Grubovia dasyphylla 0.015 0.304 0.273 0.188
Importance V3% Salsola tragus 0.151 0.415 0.312
value U Artemisia ordosica 0.015 0. 006

JEAEEL S Stipa breviflora 0.042 0.018 0.039 0.071

$ B3 Salsola collina 0.431

KBS Corispermum puberulum 0.158 0.193 0. 356

VWHEP. villosa 0.733

UK Agriophyllum pungens 0.089 0.034 0. 065

M ¥ Setaria viridis 0.037 0.004

Baf R Z& 50 kAL Aster altaicus 0.008

JLTUHE Enneapogon desvauxii 0.003

JR R Chloris virgata 0.003

B Artemisia scoparia 0.032 0. 006 0. 004
Wb = & 48 4L Species richness index 5.00=%0. 71a 3.60=%0. 55a 4.2042. 16a 3.6040.89  1.40ns
Simpson {4 & 45 % Simpson”’s dominance index 0.4440.08b 0.58+0.08a 0.5540. 14ab 0.56+0.05ab 2. 30ns
Shannon— Wiener Z £ #£$5 %% Shannon— Wiener diversity index 0.81+0. 10a 0.99+0. 18a 0.99+0. 40a 0.9640.06a  0.74ns
Pielou #5] £ 5 %4 Pielou’ s evenness index 0.5140.07b 0.78+0.11a 0.7340.10a 0.784+0.15a  6.64%*
b b 2B ¥4 Aboveground biomass (g-plant ) 79.64+£12.89a 62.48+24.18ab 60.48+£17.51ab 40.30£12.03b 4.31*

TE:SB VP HE N AT 2050 39 L s H: B 5% s NH 47 2080 39 LB R S8R 28 F - AR R Z [ 3 ZREME IR B 22 570 2 P<<0. 055 **: P<<0.01;
ns: P>0.05, AF/NG FHRRE 5 83 (P<<0.05).

Note: SB: P. willosa; N: C. korshinskii; H: C. scoparium; NH: Mixed plantation of C. korshinskii X C. scoparium. F: Differences in plant diversity
indices among different sampling sites. *: P<C0.05; **: P<C0.01; ns: not significant (P>>0.05). Different lowercase letters indicate significant

differences at the 0. 05 level.

2.4 RIERACH ML EERRERY ARG AR K ST

WK 3 R, B R Y Simpson £ 34 5 KA Pielou ¥4 57 B 48 %05 4 3 B-1, 4-N- 20 Ik 42 56 3 25 B 17 1l ( S-
NAG) B F M2 (P<<0.01) ; 1 EA¥E (AGB) 5 SOC .C/N 1 C/P &% A5 (P<<0.05), 5+ B-1,4-N-&
e 220 35 8 460 B T (S-NAG) &t 18 35 15 A1 56 (P<0. 05) ;5 [Al B, 4 38 3-8 45 B 17 B8 (S-BG) 55 13 TN R N/P . 3%
ARG, 5 pH G2 FUAH OC 5 - 0 M 0 R I (S-AKP) 5 438 pH iR 2 3 6H 5 (P<<0. 001) ; 5 2 A, +38 -1, 4-
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Fig. 3 Pearson correlation analysis of soil physico-chemical properties, enzyme activities and herbaceous plant diversity under

different sand-fixing modes
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Fig. 4 RDA and VPA of effects of soil physico-chemical properties and enzyme activities on species diversity and biomass of

herbaceous plants under different sand-fixing modes
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